Mechanism for the recognition and activation of substrate in medium-chain acyl-CoA dehydrogenase.
The mechanism underlying the recognition and activation of the substrate for medium-chain acyl-CoA dehydrogenase (MCAD) was spectroscopically investigated using 3-thiaacyl-CoAs as substrate analogs. The complex of MCAD with 3-thiaoctanoyl-CoA (3-thia-C8-CoA) exhibited a charge-transfer (CT) band with a molar extinction coefficient of epsilon808 = 9.1 mM-1.cm-1. With increasing 3-thiaacyl-chain length, the CT-band intensity of the complex decreased concomitantly with changes in the FAD absorption at 416 and 482 nm, and no CT band was detected in complexes with chain-lengths longer than C15. Detailed analysis of the absorption spectra suggested that the complexed states represent a two-state equilibrium between the CT-inducing form and the CT-non-inducing form. 13C-NMR measurements with 13C-labeled ligand clarified that 3-thia-C8-CoA is complexed to MCAD in an anionic form with signals detected at 163.7 and 101.2 ppm for 13C(1) and 13C(2), respectively. In the MCAD complex with 13C(1)-labeled 3-thia-C12-CoA, two signals for the bound ligand were observed at 163.7 and 198.3 ppm, and assigned to the anionic and neutral forms, respectively. Only the neutral form signal was measured at 200.6 ppm in the complex with 13C(1)-labeled 3-thia-C17-CoA. These results indicate that the CT band can be explained in terms of an internal equilibrium between anionic (CT-inducing) and neutral (CT-non-inducing) forms of the bound ligand. Resonance Raman spectra of the MCAD.3-thia-C8-CoA complex, with excitation at the CT band, showed enhanced bands, among which the 854- and 1,368-cm-1 bands were assigned to the S-C(2) stretching mode of the ligand and to flavin band VII, respectively. Since the enhanced bands were observed at the same wave numbers in complexes with C8, C12, and C14-ligands, it appears that the CT-inducing form shares a common alignment relative to oxidized flavin irrespective of differences in the acyl-chain length. However, with longer ligands, the degree of resonance enhancement of the Raman bands decreased in parallel with the CT-band intensity; this is compatible with the increase in the CT-non-inducing form in complexes with longer ligands. Furthermore, the pH dependence of the CT band gave an apparent pKa = 5.6-5.7 for ligands with chain-lengths of C8-C12. The NMR measurements revealed that, like chain-length dependence, the pH dependence can be explained by a two-state equilibrium derived from the protonation/deprotonation of the CT-inducing form of the bound ligand. On the basis of these results we have established a novel model to explain the mechanism of recognition and activation of the substrates/ligands by MCAD.